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Ecological group - ‘A2 Brood hiders
A2 1 Beach aders Leuresthes tenuis
A2 Annual fishes Cyidlelrius belloiti
A23 Rock and gravet hiders Salvelinus nemeycush
A4 Cavity hiders Astyanax mexicanus
AL25 Hliders in dive mvertehrates Rhodews sericets
ETHOLOGHCAL SECTION B. GUARDERS
Eeoloueical group B 1 Substratum choosers
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neslers Leponts gibhosas
B.23 Rock and gravel nestors Micropterus dofomicui
3.24 Gluemakimg nesters {resterostens actledts
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ETHOLOGICAL SECTION C. BEARERS
Ecological group Col o External bearers
C.14 Transler brovders Coryvdorss aeneus
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C.1.3 Mouth brooderss Labrotropheus Irewavasae
C.1.4 Gill-chambwr brooders Amblvopsis spelaca
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C.2.1 Facultateve internad
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C.2.3 Matrotrophous vophages and
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€ 2.4 Viviparous trophoderms Zoarces viviparus
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Sample Correlations
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OCT. 26 4+ 026 310 = 0.09 3B + 013 710 =+ 006 (8 0.94
NOV, 24 = Q006 510 + 008 3300 & 006 790 = 004 (23 0.58
DEC. 23 + 010 622 <+ 0.09 ROC = 015 7.67 * 009 106 0.88
AN, 21 &+ 040 6538 <+ 003 2900 4« 015 770 % 006 (89 0.87
(FEB. 24 =+ 006 538 & 029 300 % 010} 780 = 0.02 |48 0.87
MAHR. 4 + 020 570 & 005 N0 = 040 720 = 002|183 0.94
PR. 27 = 006 373 4 0.09 3100+« 049 7680 = 00N 1.09
MAY. 28 + 03 310 % 023 3300 =+ 013 790 = 00216 1.26
UN. <] ERR 5,08 ERR 33.70 ERR 7.90 ERR 0 1.32
uL. 30 * 012 532 &« 003 3600 =+ 013 789 = 011 1}0 +.32 .
AUG. 27 - %= 040 331 = 0.0 3150 = 010 782 = 00316 1.26
SEP. 28 + 006 330 =+« 000 RN =« 020 750 =+ Q.09 |0 1.08
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Temprature & Salinity
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Sample Correlaticns

Temprature Oxygen  Salinity pH  Rainfall Photoperiod
Temprature 1.0000 ~.5432 .6569 .4359 -.6202 .8546 1
( '18) ( 18) ( 18} { 18} ( 18} { 18} ;
. 0000 .0040 .0031 .0706 . 0060 . 0000 i
Oxygen ~.6432 1.0000 -.6358 -.0549 L5434 -.4305 i1
(  18) ( 18) (  18) (18} { 18) ( 18) 1
.0040 . 0000 .0046 .8286 .0198 L0745 , f*
.Salinity } .6559 ~.6358 1.0000 .1304 -.5015 .5170 3
: { iB} ( 18} { 18) ( 18) { 18} £ 18}
.0031 .0046 .0000 .6061 .0340 .0280
pH ‘ 4359 —10543 L1304 1.0069 -.3821 L5114
( 18} ( 18y - [ 18) € 18) ( 18) ( 18)
L0705 .8286 L6061 .0000 L1176 L0301
Rainfail -1 6202 .5434 -.5015 -.3821 1.0000 -.5923
( 18) ( 18} (  18) ( 18) { 18) ( 18)
.0080 .0198 .0340 L1178 . 0000 . 0096
Photopericd L8546 -.4305 .5170 L5114 -.5523 1.0000
( 183 ( 18} ( ig) ( 18} { i8) { i8)
. 0060 L0745 .0280 .0301 .0086 .0000
Female  GS 0532 0.021 0073 0108 0461 0509 '
Male GS! 0,617 0.03 0.014 0.041 0.318 0.547

quyf)lafuclg‘}Qﬁaiw.‘iréj;LL Ji-lga b e o Jal e ,S__....h’ AR .J)-Ja,-
4b.’_'fJ|;J'~'cL‘)GSI '_!LLA_,JLMQ'JJ t.---'!-l—-ﬂ)_)jT ..JL b‘yL_ﬂ
ﬁjq (* P<005) \—J]BMBJJ_’T

LAJ:,-lJLTH,lE-H_".:xﬁ}éJl»:)bu;ud:gbg.bﬂubtaa‘_guﬂbli@
L bl ot b 031 5 (S50 Oln 53 (gl Lima Bty 5 OT i 5 (P<0.05) 03 5

/
(P<0.05) 35,5 a oaalis

Yfff??le ) Communality Factor %lgenvalue Percent Var Cum Percent
ENVIRO.Temprature 0.83577 "““—1 qqqqqqq 5*;5525 -------- 56’6 ““““““““““ g“—
—uprs : . . .0
nﬁVIRO.Phqtopeslod' 0.77%70 2 1.10717 18.5 73 4
ENVIRO. Rainfall 0.46554 3 .48530 8.1 86.5
ESVIRO.Oxygen ~ 0.5%455 4 .36831 6.1 92.6

ENVIRO. oa11n1fj 0.%2223 S -34054 - 5.7 8.3
ENYIRO, pH 0.35857 & .10126 1.7 100.0
Factor Matrix

Variable/Facicr . 1 T 5

ENYIRO.Tempratu-z 0.%2580 0.03437

ENVIRO.Photoperind 0.85783 0.26515

ENVIRO.Rainfall -0.72189 ~0.03522

ENVIRO.Oxygen -0.73553 0.50730

ENVIRO.Salinity 0.76373 -0.39787

ENVIRO.pH 0.49536 0.76663

S 2 (Variable) Jaoms o 5 Jalge 1 2SS e (Percent var) oS lieda s <\ Y Jyda
o 4&11.{:4)‘_,.-45.1:..(\')“}(\)[L;lhu.]_;.a);dhtmt_'m.:)‘_’lf
V¥o .




tPole o




W Jgh 5o Jedd 5 b dad 0 Ol 3 Comasr

e B b s pbs fets b eslanal 4 2 Q’)ﬁ‘ Iy
Sl 2ty dn b (B 55T s gt el o b Kinlen ol s ois
3 o LT oo T 28 5 DL 5T alsd Cotlid g 5 e 5 B (e
*«—5‘—%—" 2> S 5, 4 3a, 00 CA;*?L' sotam pdy Dy lal s
..ujﬁu.a 03958 pl3 5l ke o Jlb GO A CIR P LS;L__,;‘-}Lc 23 i Sledb
it 4 Sl 5 03T Cakze sl 6,8 d o 01 shol 6 a3 gdows
et e 5 5B ooy b5 Ol LB 3 0Ty O kLo g oo S 5o
233N e (o 2 OT Ll g sl 0L 5T 5 Leaale il (6ld Cmar (5L0
Russel Jw g5 0l S} Jan ey ol 5137 @l 1 b3 5ok M,.u_.e.«.
s J OT 51 goshs 5 5 e, 6,8 K b easS s Jalye ool (6,5
NAe b a5 g ‘,J.a Casadt! dlma Lo g Gulland, Von bertalanfy Jaw g5 sl &)
{Spare , 1;)88_) Sl iy s> c,u_,_.uju;g

R Y o A LEes R BRI BN x’;ﬁ*-f- 45 o oy ST 4 035 !
Mot 285 55 (soske 5505 @55 (S JSm 05 5 155 i) Dl (53 o
! JL; 'l (Bhatti & Al-Daham, 1978) 5,05 M5 c;i,_.u JJKM 20 e
i B (515 503 3 i (5L 25731 gl 13 i g s 31 S O pm
JU slguala ool il o) 2aga) Trichiuridae oo plot 4y 3laze gla uf@, A
e i 2 ey a5 Sl 03 S el 5 o 5t 5 (Lo
O3 shann O 5T 0,801t 4y s Dl el (55540 5 Ol o5 e kit €515
; | .)J;

(g 5 ol g (S 800 st il B0 0 o5 g o Lgutle ol 271
ol 0 BT st 5 1l s o e 53 o
s0be b clpl s et db ol Cilosa gla 45;?4]&:—3\,- LG rfi,‘f (James, 1967(a))
il 0al 3 0be (b3 305 m ) 3 opl 5 g ulo 0 g S o3 Y i ol ol
Gl oi 218 00e sl s 53 36 50T 5o S ol 5l des 5 Voro 31 i 6VLe 5 o

% .(\VW£}>‘GJJJ)
\f5




4
9 (Trichiurus lepuus, Linnacus) 1 Jull ol 2oy s 5o plell o) s claa, §

20 J.'l b "y EhAT s (Lepturacantus savala , Cuvier) g (Eupleurogramnuus maticus, Gray) '

3J|suw4b>hl.>-3ul...r- sboas s«f,_gld::—jh&b .S’lJ_, L T. tepuurus b;wﬁ}j ua\
: L;LAa)_szjjl..:ﬁiL{.-»k;dl,sol__.JLb...:Mluj_(jjsc__;l,_-dlha:)}_;
‘:“_“'" a Bl Olese Lo s ol c_l> sleT > E. glossodon .jE. muticas 3 T. lepturus
| LYV Slaas g gau)

dlﬁ-’l 23\ Lepturacantus salmla 3 T. muticus & ; 333423 51985 JLu > Bianchi
551986 Jlo > Kuronuma g Abe "o . 5 AN STL s e 5 Olee ‘_g'b_))
iz s 655 g 4y 50 505,505 Adlpd .53 55 uz,l;,{‘_,.,,u@l.-;jnjr lepturus
ST Ol gl 5 aa o siledl o T teprumus 655 T poly 3 5 (ool JU slaatle
(James, 1967()) Ldly o

U5 pladt s askinat b lgeale Sl es 8 ol oo (slg ) oas Sl 4 5k
(Hook and line) M5 3,  (Trawl) J 15 « (Gill ne) ,__fu:,,f‘ (Perseins) ol
S Plas (b € 5a5 9 A 0 u:é-b" Gt 5l 5 o ) ghiis 4 alSl o
.L:_J;azL._j:_al I G Trawl Sy, b caealllan 350 dnale Cadzsu ola ol
3-Vo 3 5,0 ma¥0) ,p sy PUsllcgr o by ol (Ball & Rao, 1992)
e 3 Sk sl 03,8 50 SN 5 588 sleble 3l sl (U5 4 L2 gl e
Sl 5 S Olee (o o b ol il S ol 5lassly o oo B Cilisu
Sl 40T (o éyjle': 23,5 g D Ao 5 Lt le pecn oge
aibin Ol yam a6 ol 5,597 (0 @b L LY 205 5 S0 o3 S ol o

45 S AT (5 1 1 G305

deUQc}i?J3;}._LUAo¢:»UHéHﬂWlJL1 ST, Ieprumsd)?
$ T. haumela, C. huameld, T lavor, T japom'cus, T saval. T coxil, E. haumela,
S aleo G Yo aleel o> au)f I rlames , 1986) ol sl P ¢4l 5u T malabaricus
w!a.x_..u,.JI)_(,.J\_Sﬂa:o 7o Blasl U Olee (gbs Jo ST wle o e
OT Kl anlllas 5 ) g0 ailaza 4o YS 3y ol s (VYVE e 3 o )

wals 53 9039 e K Yo em 5 Y em (K7 wals 3T fepumis | pl oS !
IR ] J J o
VY

+
i)



23 e Adem GAeem Job wa)_gU_{JL-):: 4w5dcm G Foem (J.{J)Lv)u!
YL Y Ve-VY) ¢m J)ba};)\}‘andﬂbJLe::q\wch‘\&cmu‘}bub
. ' ~
b o Rl e slem s S

3L K e s VA em ol Al ol o pas 531955 Jlu > Prabhu
slemalo o g Sl 0f g dlo an ol om0 S FS o s dlu g3l Yoem
90cmjb:J&'LAoJLU\JJIJ){.iAd..‘;}?&.u,_;}Jﬂ1958LJL»_).§Misu..)}.JaJul4JL»JL+?;
e 5 TN STV YN VIV MY Gl s oy S o (59 gl 3 0303 Giond
Sl bTe om J3b 1967 Sl s James OF Jlidy cd 035 SIS 50§ 0¥ oV gy
Jios 5> Narasimham .3 35 = o s dlo Jlgz gy 2 (Sl te d b 5 b b S
¢ LI K5 s 5 1,488 cm 5 AY/dcm 5 SAG cm 5 FX/A cm (sla J pb 1978
Sl os S A NSk ol g 53 T teprurus 555 Fe Sl 5 So a5 S g3
| s Olee (sl s 53 2a a3 ot S ol slaesls b s 2ty Bl
UJQL..;‘_.;L_J:LSL,HTJ;T.zep:umso)fuJ;;fq.ﬁ.uuwkgﬁﬁgjalq
anl 3 s 20 7 r Tzt ol il A2l a5 b ol LT 51 2
S 3 e Al ol I Al e (James, 1967 () ASL bl ul s e co
4 551988 Sl s 2580 s linruiiadb oYU e ) 2t ‘_,.fjl_» 3J)ﬂl—n
Blazity o L2 an 4 Sl o 512 e 20l g@bﬁwbd)?(ﬁ‘@r As
JSb L= oAV (ol gmn ast daly 5 S5 Sgb ) 3 ol s
655 55 dasly gl e 51 55 e K s a2 it low B A PELEWREEY
oy DSV 5 B imermedius oo o5 ol S sl 31 S
G Job o A3, 5 T leprurus (ale 1o Jle o 55 a5, dal> K sl (James, 1967(a)
Celodn; ST 41988 “JL,_,a‘_,:J!JKQ.m sdinrui Jaw 55 ¢ e Sl Yo 5 L3
M Ul ges oo b plesle i 5 e yb 5 ol JSU b ;;-_d."v'ui"-"' syl
sb 5 i dob 5 JS0sb Ola ust i)t 3o 35 Slalllan Lyl el 0k 03 5T
Al (James, 1967(a)) bl (oS5 Sla s 516 o) 5 alold) TS bl JS

* Ventral
VFA




J.:g._.nc.-.ta.,IHuxley b g7 ol &1 W=;1Lb@!inja;ﬁ&ﬂﬂ-r&)}@_}gdjj

Youm Jsb jlaS ¢ sl .azib ol b 2L Wl JL 2 O (Biswas, 1993)
282 OLE 3 35 11 oled Jan abslon s s 5 4Bl (,llad ot 055 2ul591 Yl oy

PREETe- VSt K SER PR EIPIPOTR S WL S 30 Sllan (YY i3 505)
{Jinrui ctal. . 1988 ; James, !967(3) 1986) Ll Db Jgb 203G 059 Ll gea

L;b:-.b”,i,; T depruus gl Sy 2o 5 i 53 o S Jsb 5 S 5b ala,
S5 A2l g B S a3l ag i i 3 S U S K3 03 0 o
5o Lepruracantus savala’ gl Jb (2l 53 03l e 4y Cd 5 i 3 JSUsb Oy
| | T el ol o l51 1986 S )3 James ks i3

)J)L)J...Abbgg.rbdbbd&‘bl&u‘f&j)\ﬁwbd‘)J sb ) alslas
o o2 55 L (Pl e Dn e O 95 a5 55 Sy g 3 (O35 L
,a;x&iﬂ,}illﬁ,&ﬂ;luJﬁLﬁ}”sd,bol,:)lmo,y.;(c}en, 1951) 5,51
VISR P25 b oo (o sb 3530 53 T lepturus ol QY 036 658 1y s b o
T s S YIAY ST L b s

3 o=l ola gl xhilJJﬂufw\dliUAbJSw;:rﬂujj)ul_,b kol dolan
Mo5m) Lo s p me sl Fo (UL 5105, G D e Sas gy bl
Jag},rlm Iolar 55 db pl 5 o o sas 3eael ety Jsb Ol luae (Y b
e 658 ol 3 S Ak, 51 Sl

CALST) Sl oals S L Y/0F o)l el ailin 3 13 0 plonit Sl
Sl U3 . intermedius 55 § ¢l YT olas J5b Ol 5 1967(5) JLe 5 James .(V¥VY
3 YA T teprurus AJ}_{UJ).E Ol 55 Prabhu (1955) pioead 03 gas ubbf—m o st
A3 5 A sk a5 53 g S IS Uslaa |, Ol ) JlAis Narasimbam (1972)
) 3 Ko T, K 5 s vl o Sl A dﬂ: SY 308
;o;,.__.fh,.}i‘\s_,.}:tb;ﬁh;uh:w;Mijdﬁijpatu,;.(.lames, 1986) .L.,,L.,u,f
O L ST P Al K3 55058 bt SR g e
$022% 5 S5 s dsb Oy ke a5 e ol e e 1 gl dis gl 2 (¢ 5t
' Biswas, 19931 12l a (S 20y 3l A2, L2 l2) ¥ sue 51 OT

V¥4

.-




« .(_;Jhglg.-’bb'a_,) I o € 3ad 595 3 9 an T leprurs AJ;J:-JQ;A.:.:
JJLG:"L‘u-.‘.";':'“‘}JL'-"LS;J.J;""Jﬂ}*;‘idl‘{*‘zwwéﬂjdbjﬁ'w‘
I- ‘ -hi > by 3 ) S BI= 4 3
s v a2 Somvanchi g Joseph (1989) (YY" 15 503) Col g J=2lol g Ol Juad
@bﬁﬂjﬁ L-J___._\j‘_}'..al:»-di.aub}d.:a‘-b)i.lmu,-}j'l._.‘SIJ;Jy_);T. leprurus
e 5 b ghat Cd s s Ajgfal(Cohnrt) S8 58 6T g ad, ana) o sl
. . = " . . . & . . a
3 A sl °}1{G"€, 3503 D peaobe b s iz Job leny Sl Gl el
GucJ.G.AO}:—nLS}JJJJ..:-JL}b@)ﬁ)‘yh’-@ul{f‘d‘.(sparc, 1988) Lo
)_;I.\s;.;.gu:l_ﬂcﬂ.ajua_ﬁ)J}_ﬁu'_.-o)_}a)JL))_Ldm);M}leiﬂéwb
‘ Y5 43)

. i s . . . . .

d‘}—a—e@yl_,-.—“—ﬂ-’x‘}-'*:jylehffduov\:%w.wﬂéuﬁbf_ﬂ
. ~ 7 _ - . .. - . la
Eol o Ao Batas Lele ) A oo J3ad 5 i3 el g i
ek 0Pl QL (TL) JSUSb o nin Y AU o 4 T b 4 b i
sba sl ot {(Biswas, 1993) 42l o s.):-b J{d)l:_:: Jatea iu___,.i.'f Jsb o Sasb
R 2> T leprurus d}?ajb e j..'o!k:» o i RPN E IR Ve VAR ULJJ odal Conan s
oo w'tg--p dbdl@ AJJAJ\.}LQ\I\cm a_)'l.l.'-iji}o_)}_:al._;ljdﬂuﬂb\/\ U:-J.:vld).l:?

. . F . i . - - & - - 4

(JSJ52) o Bled¥/Y & 8000 g et Pl 5050l (A dgar) 855 0
FAL TV, &)l_, rli;a A oty )5 ST 4:.,? o 1l J3la> Prabhu (1955) .4dls
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Velaming (1972) 3 Kjesbu (1994) Jew 5 Lgale (g 50 5 o35 Obsj 'C}Lg Ol o daa Julse
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o3 lezale Culd Sl o 5iul ;,*';‘il)j‘ 23 e Jalse 5 (Yavari | 1994) a5 528 Ll sl T o
55 s S (o) e et gl S e g S sy 2l Olas (oL o
oS 53 en Bl e oy sl ojixljsa}lejluﬁtw_ﬂ@ﬁ\f, Slabe
(Wootton, 1992) 5 35 o < g>na Lgattbs 2 @Lf o 515!
A0 OT 1> a1, J5b Calssun slgas 505 amalr @l (gla & 5m5 o138 31 ostinal
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ABSTRACT :

The ribbon fishes of the family Trichiuridae are represented as one of the most
important food resources in Indian ocean. High density of the dominant specics of ribbon fish
(Trichiurus lepturus) in Oman sea and the reiliable catch in last yeais {more than 7000 loﬁcs
per year) makes a trust area for studing their population biology and stock assessment.

As our knowledge on reproductive biology of this species has an importahl role on their

fisheries management, as well as conservation of this stock from decline or over fishing, this

i
1

rescarch was held to determine some aspects of reproductive physiology of ribbon fish and the
s

effccts of environmental factors in gonadal cycle. The goals of the present thesis is to
determine some aspects of reproductive physiology such as gonadosomatic index (GSI) ,
hepatosomatic index (HSI), condition factor (Ky), fecundity, sex ratio, size at first maturity,
size at maturity (LMS0) and their relative hormonat & biochemical fluctuations. o this
regards annual variation uf sex hormones ic. cslrad/i’oi 17-0 , progesiron, cortisol, testostronc
and gonadotropins { FSH (GTH-I) . LH (GTH-11)} were measured ; gonadal histological
studics were done by light & electron micrography. The research was carried out from April
1995 1o January 1996 in Ras Meidani in the north part of Oman sca, and the environmental
factors such as temperature, salinity, oxygen, rainfall and pH were measured. The cffécts of
these parameters on reproductive cycle and hormonal fluctuations were discussed by using
correlation and principle component analysis (PCA).

Female Ribbon fish reproductive strategy shows the same paterns of nonguarder
marine teleosts. T. lepturus has more than one¢ spawning scason (existance of cgges in different
size in each month) and therfore it must have asynchronous ovaries andl belong to continious
spawners. GSI and HSI are good CVidf.‘.ECES for this type of reproductive patern.

The testis of the lobular type , which is typical of most teleosts , is composed of
numerous lobules which are separated fr_on'; each othér by a thin layer of fibrous connective

tissue. GS1 fluctuations revealed prolong spawning time in males.
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There is significant increase in 178 estradiol. progesirone , cortisol and gonadotropins
with maturity and prespawning period of female T. feprurus. Plasma Toncemralion' of Ez and

GTH Il incresacd along with water temperature increasing (33"6).‘;

Spa'v;'ning was observed from Nov. 1995 to Apr. 1996 i{\ lhlb species. Progestrone*’
increased significantly with increasing rainfall in this season (P<().()lj. Plasma cortisol levels
increased with maturation and vitejogenesis and aiso with the peak of spawning. From
lenght-weight frequency and size distriblrlion in each age groups and also minimum size at
first maturity (5212 crﬂ) it would be concluded that T. leprurus must be maturcd at 2 years of
age.

Serum cholestrol and triglicerides significantly increascd when maturation occured in
this species. The relationship between alkaline phosphamsc activity and hormonal fluctuations
with maturity and vitelogenesis were discussed. Proximate compostion (muscle) shows
significant variation with spawning period and maturity. Absolute individual fecundity
(17420-159150) increased with body length and (;vcight. Ultrastructural observations show
dramatic variation in u:ll membrane {Oocyte membrane), yolk vesi.cles and, nuclcélus dispersal
in relation to maturity stages. Fluctuations of gonadal hormones were discused in relation with
vitclqécncsis. Testosterone increased in males from Nov. o Mar. due to environmental
impacis and spawning time.

Sex ratio in different depth (10-40 m ,80-110 m) shows significnt differences in this ratio
for two depths. In 10-40 m df.;pth female shows dominant abundance to male in each months
that may be due to their reproductive migration behaviour,

. The effccts of temperature photoperiod and rainfall to maturity and spawning were
discussed. According to ~pawning period of 7. feprurus in our sampling area it could be
suggested that ribbon fish ficheries must be restricted in the peak of spawning s.casons {Feb. to

Mar.) and in the spawning grounds (under 40 m depths). Other suggestions for population

copservation have been mentionced.
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